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We studied the effect of cyclosporin A on human hair 
growth using a recently described model .in which isolated 
hair follicles are grown in vitro. Cyclosponn A had no effect 
on the rate of hair growth, but at 10-7 M, a dose within the 
therapeutic blood range, it maintained hair gr~wth for lon~er 
than control to give a 42% greater mean follIcle elongatlon 
H ypertrichosis is a common side effect of tr.eatment with cyclosporin A (CsA) [1]. CsA stlmulat~s growth of hair in athymic nude mice [2] and III human skin transplanted onto nude mice (3.'4]: A stimulatory effect on nude mouse cultured vlbn~sa 
follicles has also been observed [5] . Evidence from animal studies 
suggests that CsA causes premature entry of follicles into a~agen. [~], 
but this alone would be insufficient to account for hypertnchosls III 
humans where there is an increase in the length of the hair fiber. 
This implies either an increase in the linear growth rate or a prolon-
gation of anagen (or both). Recently, a method has been developed 
for growing human hair follicles ill vitro [7] in which anagen mor-
phology and hair-fiber production ~e maintained for? -1.0 d. To 
elucidate how CsA acts on human hair growth, we studied Its effect 
on the rate of hair growth and its duration using this organ culture 
method. A secondary aim was to establish the validity of human 
follicle organ culture as a model for testing pharmacologic agents 
that may modulate hair growth . 
METHODS 
Hair Follicle Isolation Normal human scalp samples were ob-
tained during the routine excision of benign scalp lesions (e.g., cyst~, 
nevi) and from excess skin removed during face-lift sur~ery. Hair 
follicles were isolated using the method descnbed by Philpott et at 
[7]. Briefly, blocks of scalp skin were divided horizontally at the 
level of the dermis-subcutaneous fat interface, and the lower por-
tion was transferred to a 90-mm petri dish containing culture ~e­
dium. Hair follicles were removed by grasping the upper pole. with 
fine forceps and applying gentle traction. This proce?ure gives a 
"clean" follicle complete with hair bulb and the assoCiated dermal 
components (dermal papilla and connective tissue sheath). Follicles 
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after 15 d (p < 0.05). Eighteen of 42 cyclosporin-treated 
follicles (43%) were still growing after 15 d compared with 
one of 42 control follicles (2%). These results suggest that the 
. hypertrichotic action of cyclosporin A may be due to prolon-
gation of the anagen phase of the hair-growth cycle.] Invest 
DermatoI100:237-239,1993 
were cut to a similar length (approximately 1.5 mm) and then 
transferred to a 24-well tissue-culture plate (one follicle/well). 
Culture Conditions One milliliter of Williams' medium E (Im-
perial Laboratories, Andover, UK) containing 10 ng/ml hydrocor-
tisone, 10 f.lg/ml insulin, and 2 mmol glutamine were added to each 
well. A stock CsA solution (10- 3 M) was prepared by dissolving 
12 mg CsA powder in 800 f.ll ethanol and first adding 200 f.ll 
Tween 80 and then 9 ml cold culture medium. The stock solution 
was further diluted in medium to give final CsA concentrations of 
10-7 , 10-8, and 10-9 M. Control wells contained medium with the 
same volume of diluent as for 10-7 M but without CsA. In five 
experiments, groups of six follicles were studied for each concentra-
tion of CsA and control. In two further experiments, control and 
10-7 M CsA-treated follicles were studied. Cultures were incubated 
at 37°C in a humidified atmosphere containing 5% CO2 . The 
culture medium was not changed during the course of the experi-
ment. 
Measurement of Follicle Growth The length of each follicle 
was measured at magnification X 40 immediately following isola-
tion and at intervals over a 15-d culture period, using a Leitz in-
verted microscope equipped with an eyepiece graticule. Each set of 
follicles was coded, and the measurements were performed in a 
blinded fashion. Statistical analysis was by one-~ay analysis of var-
iance and Student t test. 
RESULTS 
Follicles from normal scalp of seven subjects were studied. Over the 
first 5 d in culture, both control and CsA-treated follicles increased 
in length by approximately 0.25 mm/d. During this time, hair 
bulbs maintained a normal anagen morphology, and elongation 
occurred by an increase in length of the hair fiber. Thereafter, in 
control cultures the rate of follicle growth declined, and only one of 
42 follicles (2%) was still elongating at day 15. This was associated 
with a change in follicle morphology in which the hair shaft ap-
peared to keratinize proximally, and the dermal papilla became 
rounded and reduced in size. In follicles incubated with CsA 
10-7 M, the anagen morphology and follicle elongation were 
maintained far longer, with 18 of 42 follicles (43%) still growing 
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Figure 1. Percentage of follicles elongating since previous measurement 
(±SD) for seven experiments (six follicles/group) showing esA-treated 
follicles (10- 7 M) and controls. 
at day 15 (Fig 1). There was a significant difference (p < .05) 
in the mean increase in follicle length (±SD) between control 
(1.81 ± 0.21 mm) and CsA 10- 7 M-treated follicles (2.57 ± 
0.70 mm) at day 15 (Figs 2 and 3) . Lower concentrations of CsA 
fail ed to have a significant effect on hair growth compared with 
control. 
DISCUSSION 
Organ culture of isolated rodent follicles has been used in hair 
biology for a number of years [8], but its application has been limited 
by the fact that hair growth ceases within 24-48 h in vitro. In 
contrast, cultured human follicles continue to grow hair at a rate 
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Figure 2. Mean increase in follicle length (± SD) for seven experiments 
(six follicles/group) showing esA-treated follicles (10- 7 M) and controls. 
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Figure 3. Two pairs of follicles at day 0 and day 15. The upper pair are 
control follicles . The lower pair have been treated with esA 10-7 M. Note 
that the esA-treated follicles are longer than control follicles at day 15. 
similar to that ill vivo for 7 -10 d [7] . The reason for this difference is 
not known but may relate to the much longer duration of anagen in 
human scalp fo ll icles compared with rodent vibrissa or pelage folli-
cles. The events that occur as follicular elongation declines are also 
of interest because the morphologic changes, including the proxi-
mal keratinization of the hair shaft and the condensation of the 
dermal papilla, show similarities to catagen. Thus, this method may 
provide a model for studying anagen/catagen conversion. 
In this study, the rate of elongation and its duration in control 
follicles are in accordance with previous work [7]. CsA had no effect 
on the rate of hair growth over the first 5 d in culture; however, at a 
concentration within the therapeutic blood range [9], CsA main-
tained growth of hair for significantly longer than controls. Indeed, 
some CsA-treated follicles continued to grow for 3 weeks. The 
implication of these results is that CsA acts by prolonging anagen, 
thereby delaying the onset of catagen, rather than by increasing the 
rate of hair growth . 
The effect of CsA was variable both between subjects and be-
tween fo ll icles from the same subject. On average, two or three 
(range one to five) of the six follicles in each experiment showed a 
response to 10-7 M CsA. The reason for this variability in response 
is not apparent but may relate to differences in the time already spent 
in anagen by individual follicles before isolation. 
The pharmacologic basis of CsA-induced hypertrichosis is un-
known. CsA inhibits the production of lymphocyte cytokines (in-
terleukin-2, interleukin-4, interferon-y) and prevents the clonal ex-
pansion of helper/cytotoxic T cells [10-12] . In some studies 
l13, 14], CsA has also been shown to inhibit the function of antigen-
presenting cells, including epidermal Langerhans cells. Our results 
suggest that its effect on hair growth is independent of systemic 
immunosuppression, although we cannot exclude an effect on im-
mune cells in the immediate hair follicle environment, especially in 
light of recent evidence that local immunity is involved in control 
of the hair-growth cycle [15]. It is possible that CsA acts by prevent-
ing the release of inhibitory cytokines by non-immune cell types 
within the hair follicle. The observation that esA inhibits mRNA 
for interleukin-la and interieukin-lfJ in phorbol ester - stimulated 
murine epidermis may be pertinent to this hypothesis [16] . 
In summary, these results show that CsA prolongs the growth of 
hair in fo llicle organ cultures and suggest that its hypertrichotic 
action in vivo is due, at least in part, to prolongation of the anagen 
phase of the hair-growth cycle. They also confirm the validity of 
this model for evaluating agents that promote hair growth and 
indicate that it may be useful for studying their mode of action. 
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ANNOUNCEMENT 
The Fourth Dermatopathology and Oral Pathology Self Assessment Workshop will be held at 
Catholic University, Rome, Italy, September 16, 17, and 18, 1993. 
The program is as follows: 
Thursday, September 16 
9:00 A. Capelli (Catholic University, Rome) 
"Words of welcome" 
9:30 A.B. Ackerman (New York, USA) . . '. 
"Neoplasms with Follicula: DifferentiatlO.n: A M?d~1 fO.r Comprel~~nslon and SpeCific 
Diagnosis of Neoplasms With Adnexal DI~erentiatlOn 111 General 
10:30 Self assessment workshop (glass slIdes prOVided by A.B. Ackerman) 
15:00 A.B. Ackerman's comments about the cases 
18:00 G. Massi (Catholic University, Rome) 
Microphotographic techniques in Dermatopathology. 
Friday, September 17 
9:00 D .]. Santa Cruz (St. Louis, USA) 
"Sweat Gland Neoplasms" 
Self assessment workshop (glass slides provided by DJ. Santa Cruz) 
DJ. Santa Cruz's comments abo~t the case~ 
10:00 
15:00 
17:00 F. Federico, C. Chiarelli (CatholIc UmversIty, Rome) 
"Rare epidermal tumors" 
Saturday, September 18 
8:45 C. Miani (Catholic University, Rome) 
"Words of welcome" 
9:00 J.]. Sciubba (New Hyde Park, USA). "" 
"A Clinical Overview of Oral PathologiC Conditions 
10:00 ].]. Sciubba . " 
"Challenging Inflammatory Diseases of the Oral Mucosa 
11:00 
14:00 
17:00 
Self assessment workshop (glass slides provided by].]. Sciubba) 
].]. Sciubba's comments about the cases 
G. Massi 
"Diseases of the lips" 
18:30 D . Cerimele (Catholic University, Rome) 
Closing Remarks 
The fee is 200 US$. For further information please contact Guido Massi, M.D., Department 
of Pathology, Catholic University, Largo F. Vito, 1-00168, Rome, Italy; tel (6) 3503481/ 
3052345/5759733, fax (6) 3051343. 
